Introduction
An estimated 150 million women worldwide use hormonal contraception to prevent pregnancy [1] . Over 15 million women are living with HIV, most of whom are of childbearing age and, similar to other women, need access to safe and effective contraception [2] . In many resource-limited countries, access to effective and safe contraception takes on greater importance, owing to the risk of perinatal HIV transmission, high rates of maternal mortality and many other maternal and infant benefits of birth spacing [3] . Although available data are conflicting and scarce, some recent studies [4, 5] in humans and animals suggest that hormonal contraception may accelerate HIV disease progression. Data from studies in macaques originally suggested progesterone as the likely cause. Macaques implanted with progesterone and then infected with simian HIV had higher viral loads and faster progression to AIDS than macaques receiving placebo [6] . Additionally, women in a cohort recruited in Mombasa, Kenya, who were using depo-medroxyprogesterone acetate (DMPA) at the time of HIV acquisition had higher viral load set points, a marker for more rapid disease progression [7] .
The Mother-to-Child Transmission (MTCT)-Plus Initiative provided support to 12 clinical programs in Africa and one in Asia (Thailand) to implement HIV/ AIDS care and treatment to families identified through perinatal HIV prevention services. Programs were initiated between 2002 and 2004 for family-centered care before such services became more widely available through national programs in Africa and Asia. Enrolled patients in MTCT-Plus Initiative were followed through March 2008. We used data from MTCT-Plus Initiative to investigate whether exposure to hormonal contraception was associated with more rapid HIV disease progression among women not yet on antiretroviral therapy (ART).
Methods
The MTCT-Plus Initiative We obtained data for this analysis from the MTCT-Plus Initiative, a multicountry HIV care and treatment program that utilized a woman-centered, family-focused service model. The design and progress of the Initiative has been described previously (see www.mtctplus.org) [8, 9] . At each clinical site, pregnant or postpartum HIVinfected women receiving programs to prevent MTCT (PMTCT) services were enrolled into ongoing HIV care regardless of their HIV disease stage. Women were enrolled either during pregnancy or postpartum and HIV-exposed children, infected partners and other family members were also enrolled into the program.
Women received a package of HIV primary healthcare services, including regular clinical examinations, CD4 þ cell counts performed at local laboratories every 6 months, assessment for opportunistic infections with appropriate provision of prevention and treatment for these infections and support to enhance adherence and retention. Barrier and nonbarrier contraceptive methods were provided, either onsite or by referral, with specific methods based on women's preference and local availability. ART initiation was based on national or WHO guidelines. Typically, criteria for starting ART were WHO stage IV disease, CD4 þ cell count less than 200 cells/ml, or WHO stage II or III disease with a CD4 þ cell count less than 350 cells/ml. In January 2005, the MTCT-Plus guidance changed so that stage II disease patients with a CD4 þ cell count of less than 350 cells/ml were no longer eligible for ART. Patients who were not eligible for ART were followed every 6 months. All patients on ART were seen monthly for 6 months and then every 3 months thereafter if clinically stable. Patients who did not return for a scheduled visit were actively followed up in the community, although the methods used varied by program. Repeat CD4 þ cell counts, serum chemistry and hemoglobin were performed every 6 months or as deemed necessary by the clinicians.
Upon enrollment into the MTCT-Plus programs, clinicians at each site completed a short, standardized form, which included basic demographic and socioeconomic information, partnership status and obstetric history. In addition, at enrollment and each follow-up visit, information on the occurrence of opportunistic infections, WHO staging and initiation or continuing use of ART were collected. For women, the standardized follow-up form also included items on use of contraception (including use of specific barrier and nonbarrier methods) and pregnancy status (including pregnancy loss since the previous visit), both based on the women's selfreports. The specific contraceptive methods offered by each site varied considerably and each country used its own guidelines for use of contraceptives on ART. Contraceptives were not provided by the MTCT-Plus Initiative, although condoms were provided for all patients.
Statistical and analytical methods
Our primary analytic hypothesis was that women who used hormonal contraceptives would have a more rapid rate of HIV disease progression than those who did not. We also hypothesized that progesterone was the causative agent, and therefore, that women with progesterone-only exposure would fare worse than those exposed to combined estrogen-progesterone methods. We thus used the following categories to describe contraceptive exposure:
(1) Implants/injectables: available data did not differentiate between the two; both are progesterone-only exposures. (2) Oral contraceptive pills (OCPs): although most oral contraceptives are combined preparations, some sites prescribed a progesterone-only 'mini pill' to women during their initial months of breastfeeding. Available data did not allow us to discriminate between progesterone-only and combined oral contraceptives, but anecdotal reports from sites indicate that the majority of exposure in this category was to combination regimens. (3) No exposure to exogenous hormones, which included women who reported using no contraception along with those who used nonhormonal methods (intrauterine device, diaphragm, sterilization and lactational amenorrhea).
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Condom use was frequently reported in this cohort and condoms were used both alone and in conjunction with other methods. Women who reported condom use alone were categorized as having a nonhormonal exposure. Women who used condoms in conjunction with another method were categorized according to the other method.
In our multivariable analyses, we treated condom use as an independent variable and controlled for it.
Women were eligible for this analysis if they were between 15 and 54 years of age and not on or eligible for ART. Because of the normal physiologic hormonal perturbations and hemodilution associated with pregnancy, we excluded women who were currently pregnant or within 90 days of delivery but allowed them to enter the analysis cohort after this period through leftcensoring. Women who became pregnant during follow-up were right-censored at the time the pregnancy was first noted in the clinical record. Women who were lost to follow-up or withdrawn were censored at their last visit date. Baseline CD4 þ cell count and WHO stage were defined as the measurement closest to the date of enrollment in MTCT-Plus Initiative or, for women who enrolled antepartum, the measurement closest to the date of becoming eligible for this analysis (e.g., 3 months postpartum).
For the mortality outcome, the follow-up time was censored when ARTwas initiated. The primary outcome of HIV disease progression for the women was defined as either becoming eligible for ART or death. ART eligibility was defined according to the programmatic CD4 þ cell count and WHO disease stage criteria cited above. Women who started ART for any reason were assumed to be eligible irrespective of their CD4 þ cell count or WHO disease stage.
Statistical analyses were performed with SAS version 9.1.4 (SAS Institute, Cary, North Carolina, USA) and R software version 2.4.1 (http://www.r-project.org). When assessing baseline characteristics among analysis groups, we compared continuous variables with a nonparametric Wilcoxon rank sum test to evaluate differences in medians. We compared dichotomous and categorical variables with the Pearson chi-square test statistic.
We estimated hazard ratios for our definition of HIV disease progression outcome using Cox proportional hazards regression. We analyzed contraceptive exposure in the Cox models in two ways. In the initial method analysis, a given patient's contraceptive exposure was determined by the first recorded dispensation. Under this assumption, for example, a patient who initially reported using OCPs would be categorized as exposed to OCPs, even if the patient switched to another method at some point during follow-up. In the time-varying exposure analysis, a given patient's contraceptive exposure(s) was allowed to vary over time in the Cox model. Thus, an individual woman who switched among contraceptive methods was allowed to contribute person-time to both contraceptive exposure categories in the proportional hazards regression. In the multivariable analysis, we adjusted for initial condom usage, baseline CD4 cell count, BMI, WHO disease stage, age and site.
The outcomes we report were a part of a preplanned analysis and the definitions used were informed by prior work. The analysis plan demanded a P value of less than 0.01 for statistical significance in this study to allow for multiple comparisons. The conduct of the MTCTPlus Initiative as a service delivery program with data collection for monitoring and evaluation purposes was approved by the Institutional Review Board of Columbia University.
Results
Between 1 August 2002 and 31 December 2007, a total of 7846 women were enrolled in 13 MTCT-Plus programs. In total, 4109 (52%) women met eligibility criteria for this analysis and contributed 5911 person-years of follow-up. The median follow-up time contributed was 379 days [interquartile range (IQR) 121-833]. Reasons for exclusion from this analysis were that 2107 women were eligible for ART at their initial visit, 864 were enrolled while pregnant or within 90 days of delivery and did not have follow-up data beyond this period, 103 had no information on contraceptive exposure and 306 did not have a baseline CD4 þ cell count that allowed assessment of HIV disease progression. An additional 357 patients could not be categorized due to inconclusive contraceptive information (Fig. 1 ).
Baseline characteristics
The median age of women in the cohort was 27 (IQR 24-31) years, median parity was 2 (IQR 1-3) and 63% of women were married. Generally, the women were healthy with a median BMI of 23 (IQR 21-26) kg/m 2 and a median CD4 þ cell count of 429 (IQR 280-621) cells/ml, and 65% of the women were WHO disease stage I (Table 1) .
At baseline, 3064 (75%) women reported using either no contraception or a nonhormonal method, whereas 823 (20%) reported using implants/injectables and 222 (5%) reported using OCPs. Contraceptive choices differed by site. The most common exposures other than hormonal contraception were condoms, lactational amenorrhea, female sterilization and no contraceptives (Fig. 2) .
Women in the three initial exposure groups were largely similar with respect to clinical and demographic characteristics. Compared with women without initial hormonal exposure, women initially exposed to either implants/injectables or OCPs had higher BMIs, slightly higher hemoglobin levels, were less likely to be widowed and were less likely to report condom use; although statistically significant, none of these differences seemed clinically significant (Table 1) . Women initiating implants/injectables were also more educated than women without initial hormonal exposure and less likely to have disclosed their HIV status (Table 1) .
Switching among contraceptive methods
Women who commenced OCPs were much more likely to switch methods at least once compared with women starting no contraception/nonhormonal contraception or implants/injectables. Of the 222 women starting OCPs, 124 (56%) switched methods at least once with a median time to switch of 132 days (IQR 63-333); 291 of the 823 (36%) patients starting implants/injectables switched at least once with a median time to switch of 230 days (IQR 92-588). Of the 3064 women starting no contraception/nonhormonal contraception, 613 (20%) switched at least once for a median time to switch of 175 days (IQR 84-357). Of the 1785 women who reported no contraception use at baseline, 1170 (66%) adopted some contraceptive method during follow-up.
Composite outcome: HIV disease progression We defined disease progression as becoming eligible for/starting ARTor death. In the cohort of 3229 women who entered the analysis ineligible for ART, 944 (29%) met these criteria at some point during follow-up for a During the study period, 63 (2%) women died over 5911 woman-years of follow-up (crude mortality rate: 1.1 per 100 woman-years, 95% CI 0.8-1.4). Exposure to hormonal contraception was not associated with death (Table 2 ). In both crude and adjusted analyses, death was strongly associated with low CD4 þ cell count and advanced WHO disease stage at baseline. Compared with women with a CD4 þ cell count of more than 350 cells/ml, women with baseline CD4 þ cell count between 200 and 350 cells/ml and those with a CD4 þ cell count of less than 200 cells/ml were more likely to die (AHR 3.3, 95% CI 1.7-6.3 and AHR 17, 95% CI 7.6-36, respectively). Compared with women who were WHO disease stage I at entry, women who were disease stage III and IV were more likely to die (AHR 3.3, 95% CI 1.5-7.2 and AHR 17, 95% CI 6.6-42.2, respectively). These results did not change in adjusted time-varying analysis ( Table 2 ).
Site differences
To investigate variations between MTCT-Plus Initiative programs, a separate time-varying analysis was conducted for each individual program, although site was a factor included in the analyses described above. These adjusted analyses used our primary outcome of HIV disease progression, in which an event was defined as either becoming eligible for ART or death. Forest plots of the hazard ratios comparing each hormonal contraceptive categorization to the patients using no/nonhormonal contraceptives are depicted in Fig. 3(a) and (b) .
Notably, none of the sites showed a significantly increased risk of HIV disease progression comparing the implants/ injectables group to the no hormones/nonhormonal group or comparing the OCP group to the no/nonhormonal group.
Discussion
In this multicountry cohort of women enrolled in HIV care but not yet on ART, we observed no association between hormonal contraceptive use and HIV disease progression. Other factors known to be associated with disease progression, such as low CD4 þ cell count, more advanced clinical stage and low BMI [10, 11] , were associated with HIV disease progression in this cohort.
Although there are a variety of data available on the impact of hormonal contraception on HIV acquisition, data on the impact of hormonal contraception on HIV disease progression are limited and not consistent. Two studies [7, 12] suggest that hormonal contraception may accelerate HIV disease progression, whereas two others [13, 14] did not demonstrate such an association. Encouragingly, this multicountry cohort analysis suggests that hormonal contraception does not accelerate HIV disease progression. Although there may be subtle interactions between hormonal contraception and HIV disease progression, we did not observe this in our large cohort.
A particular strength of our study is its multicountry nature. Women from the west, east and southern Africa are included, as well as a cohort of Thai women. Collectively, this represents a large diversity of patients, viral subtypes and contraceptive methods. In addition, the study includes by far the largest number of women in whom this association has been examined. Other strengths are that all the women were prospectively followed on a predetermined schedule and information regarding contraceptive use, as well as laboratory and clinical data, were collected using standardized forms.
A limitation of our data is the inability to disaggregate the individual contributions of injectable contraception and implants. With varying hormonal compositions, these two types of progesterone-only contraceptives may have different biologic effects that could have been masked when they are considered together. Progesterone contained in implants is released more slowly over time with more constant drug levels, whereas injectables are associated with much more fluctuation in drug levels and overall higher systemic hormone concentration [15] . Additionally, women in our analysis were exposed to two different types of injectable contraception: Depo Provera (Pfizer, New York, New York, USA) (DMPA) and Noristerat (Bayer, Newbury, Berkshire, UK) (NET-EN). DMPA, given every 3 months, contains medroxyprogesterone acetate, whereas NET-EN contains norethisterone enanthate and is administered every 2 months. Medroxyprogesterone acetate has a strong affinity for glucocorticoid receptors, which are expressed by a variety of cells of the immune system, whereas norethisterone enanthate does not seem to have such an affinity [16] . Medroxyprogesterone acetate has also been shown to suppress interleukin (IL)-1, IL-2, and IL-6, which are important cytokines in CD4 þ cell proliferation [17, 18] . An additional limitation of our analysis is the relatively short amount of follow-up time contributed by most women (median: 379 days). Even though the top quartile of follow-up exceeded 2 years, it is possible that longer term hormonal exposure could produce subtle effects on HIV disease progression that simply did not have time to manifest in this cohort.
The lack of association between hormonal contraceptive use and HIV disease progression in this large, prospective, multicountry cohort is reassuring. It is our view that clinicians should not hesitate in prescribing hormonal contraception to HIV-infected women who desire family planning. Of course, medical contraindication must always be considered including potential interactions with some antiretroviral drugs. The benefits of avoiding unplanned pregnancies (and the risks that attend them in resourceconstrained settings) outweigh any theoretical risks of hormonal contraception-mediated progression of HIV disease. Although a great deal of recent attention has been paid to tackling HIV in low-income countries, efforts to improve access to wider varieties of contraception methods must continue for all women. In addition, further ART, antiretroviral therapy; CI, confidence interval; HR, hazard ratio; NA, not available; OCPs, oral contraceptive pills.
research is needed to explore the safety and efficacy of contraceptive methods in individuals with HIV infection. 
